The prognostic significance of ventricular arrhythmias induced by programmed electrical stimulation was evaluated in 50 survivors of acute myocardial infarction complicated by a major new conduction disturbance (38 patients), congestive heart failure (33 patients) or sustained ventricular tachyarrbythmias (22 patients), alone or in combination. Programmed stimulation was performed in patients in stable condition 7 to 36 days (mean 16) after infarction using one to three extrastimuli at four times diastolic threshold at a maximum of two right ventricular sites.· Two groups were identified by the response to programmed stimulation: 17 patients with sustained (> 15 seconds) or nonsustained (>7 beats but~15 seconds) ventricular tachycardia (group I), and 33 patients with 0 to 7 intraventricular reentrant complexes in response to maximal stimulation efforts (group II). Group I patients bad a higher incidence of anterior infarction than that of patients in group II (71 versus 42%), had lower left ventricular ejection fraction (mean 0.35 versus 0.48) and were more often treated with antiarrhythmic drugs (47 versus 18%, P < 0.05). There were no significant differences between groups in the occurrence of congestive failure, new conduction disorders or sustained ventricular arrhythmias with infarction, or in the preportions treated with a beta-receptor blocking agent, coronary bypass grafting or a permanent pacemaker.
The prognostic significance of ventricular arrhythmias induced by programmed electrical stimulation was evaluated in 50 survivors of acute myocardial infarction complicated by a major new conduction disturbance (38 patients), congestive heart failure (33 patients) or sustained ventricular tachyarrbythmias (22 patients), alone or in combination. Programmed stimulation was performed in patients in stable condition 7 to 36 days (mean 16) after infarction using one to three extrastimuli at four times diastolic threshold at a maximum of two right ventricular sites.· Two groups were identified by the response to programmed stimulation: 17 patients with sustained (> 15 seconds) or nonsustained (>7 beats but~15 seconds) ventricular tachycardia (group I), and 33 patients with 0 to 7 intraventricular reentrant complexes in response to maximal stimulation efforts (group II). Group I patients bad a higher incidence of anterior infarction than that of patients in group II (71 versus 42%), had lower left ventricular ejection fraction (mean 0.35 versus 0.48) and were more often treated with antiarrhythmic drugs (47 versus 18%, P < 0.05). There were no significant differences between groups in the occurrence of congestive failure, new conduction disorders or sustained ventricular arrhythmias with infarction, or in the preportions treated with a beta-receptor blocking agent, coronary bypass grafting or a permanent pacemaker.
Patients who survive acute myocardial infarction continue to be at increased risk of cardiac mortality after discharge Total cardiac mortality was 24% during a mean follOW-Up period of 23 months and did not differ between groups; however, the response to programmed stimulation identified a group at high risk of late sudden death or spontaneous ventricular tachycardia: 7 (41%) or 17 group I patients compared with 0 of 33 group II patients (p < 0.001). The induction of sustained or nonsustained ventricular tachycardia identified all patients who died suddenly or had spontaneous tachycardia (sensitivity 100%), but triple extrastimuli were required to induce prognostically significant arrhythmias in five of these seven patients; the specificity of this protocol was only 57%. When the clinical variables of the group were evaluated individually, the response to programmed stimulation had a stronger association w!th occurrence of late sudden death than did any other factor (Fisher's exact test, p < 0.001); however, a type II error could not be excluded.
Thus, programmed ventricular stimulation using a maximum of three extrastimuli may be a sensitive but relatively nonspecific method for identifying survivors of complicated infarction at high risk of late sudden death or spontaneous ventricular arrhythmias. (J Am CoU Cardiol 1985; 5:/292-301) from the hospital. Half or more of the cardiac deaths occurring after hospitalization for myocardial infarction are sudden cardiac deaths (1-5), and the primary mechanism is ventricular tachycardia or ventricular fibrillation (6, 7) . Recent epidemiologic studies (2, 3, (8) (9) (10) (11) ) have identified risk factors that appear to be strongly associated with increased cardiac mortality after myocardial infarction. These include the presence of cardiac symptoms before infarction, frequent ventricular ectopic activity on in-hospital 24 hour ambulatory electrocardiographic recordings and evidence of left 0735 .1097/11~/~l 10 ventricular dysfunction on physical examination and radionuclide ventriculography.
Despite the observation that many postinfarction deaths may be caused by ventricular tachyarrhythmias, the role of electrophysiologic testing in identifying infarct survivors at risk of sudden death remains controversial (12) (13) (14) (15) . Two studies (13, 14) employing single and paired ventricular extrastimuli at several current strengths suggested that the response to programmed stimulation soon after myocardial infarction may identify patients at high risk of sudden death. Another study (15) found the response to programmed ventricular stimulation less useful than the presence of left ventricular dysfunction or a left ventricular aneurysm for identifying patients at risk of sudden death.
In our study, programmed ventricular stimulation using up to three extrastimuli was performedin a group of patients recovering from myocardial infarction, complicated by ventricular tachyarrhythmias, atrioventricular (AV) or intraventricular conduction disturbances or left ventricular dysfunction. The purpose of this investigation was to evaluate the predictive value of the response to programmed stimulation, compared with that of other clinical variables, for identifying survivors of complicated myocardial infarction at high risk of late sudden death or development of spontaneous ventricular tachyarrhythmias.
Methods
Patients. The study group consisted of 50 patients, 34 men and 16 women with a mean age of 65 years (range 46 to 84). All patients were recovering from an acute myocardial infarction, documented by a history of typical chest pain, an increase in the MB fraction of creatine kinase (CK-MB) and evolving characteristic QRST changes on serial electrocardiograms. New Q wave myocardial infarction had occurred in 45 patients and non Q wave infarction was documented in 5 patients. Among patients with new Q wave infarction, 26 patients had an anterior wall infarct and 19 patients had an inferior wall infarct. Myocardial infarction was complicated by a major new AV or intraventricular conduction disturbance (new bundle branch block or Mobitz II second degree or third degree heart block) in 38 patients, congestive heart failure of Killip class II or greater in 33 patients or spontaneous ventricular tachycardia or ventricular fibrillation in 22 patients, alone or in combination. Spontaneous sustained ventricular tachyarrhythmias occurred within 48 hours of acute infarction in 15 patients and later than 48 hours after infarction (during the hospital stay) in 7 patients.
Patients were excluded from the study if they required antiarrhythmic drugs for control of spontaneous ventricular arrhythmias or if unstable angina or uncontrolled congestive heart failure was present. The 50 patients evaluated in this study represented approximately 20% of patients admitted to this institution between February 1979 and May 1983 with complicated acute myocardial infarction. All patients gave written informed consent to undergo electrophysiologic tests during recovery from myocardial infarction in accordance with a protocol approved by the Human Studies Committee of the Montefiore Medical Center.
Electrophysiologic testing. Programmed electrical stimulationstudieswereperfonned7t036days(mean ± SD, 16 ± 6) after myocardialinfarctionin patients in stableconditionafter all antiarrhythmic medications except digoxin had been withdrawn for at least five half-lives. One to two multipolar electrode catheters were inserted percutaneously in the subclavian or femoral veins, or both, and positioned under fluoroscopic guidance at the AVjunction in the His position and at the right ventricular apex.
Stimulation was performed with a programmable stimulator (Devices/Digitimer 4279 or Bloom Associates Ltd.) that produced rectangular impulses 1 ms in duration at four times diastolic threshold. Diastolic threshold was usually less than 1 V or I rnA. Bipolar intracardiac electrograms were filtered at 30 to 500 Hz and displayed simultaneously with surface electrocardiographic leads I, II, aVF and VI on a multichannel oscilloscope (Electronics for Medicine DR-12 or VR-12). All data were recorded with an ink-jet recorder (Siemens Elema Mingograph) at a paper speed of 100 mrn/s. Stimulation protocol. Ventricular extrastimuli were introduced initially at the right ventricular apex during sinus rhythm and during one to two rates of ventricular pacing at cycle lengths of 600 to 425 ms. The maximal stimulation protocol consisted of the foillowing: a single extrastimulus (S2) was introduced late in diastole and moved earlier until ventricular refractoriness was reached. If sustained ventricular tachycardia was not induced, a second extrastimulus (S3) was added, with the first extrastimulus set at 10 ms beyond the ventricular effective refractory period. The initial S2S3 coupling interval was set at 350 ms, and shortened by 10 ms decrements until S3 reached refractoriness. If sustained ventricular tachycardia remained uninduced, a third extrastimulus (S4) was introduced with the first and second extrastimuli set at 10 ms beyond ventricular refractoriness and an S3S4 coupling interval of 350 ms. The third extrastimulus was moved earlier until a shortest S3S4 coupling interval of 200 ms was reached. If sustained ventricular tachycardia was not induced, this sequence was repeated at a second right ventricular site (usually the outflow tract) until sustained ventricular tachycardia was induced or the protocol was completed.
During the course of this study, the maximal number of extrastimuli administered was increased from one to three. Ten patients received a maximum of one extrastimulus, 10 patients received a maximum of two extrastimuli and 30 patients underwent the complete stimulation protocol described previously. PROGRAMMED Definitions. Sustained ventricular tachycardia was defined as tachycardia that lasted more than IS seconds and required pacing or cardioversion for termination. Nonsustained ventricular tachycardia was defined as tachycardia that lasted more than seven complexes (excluding His bundle reentrant responses [16] ) and terminated spontaneously in less than IS seconds. Intraventricular reentrant responses were defined as one to seven ventricular complexes in response to programmed stimulation, which were not associated with an intervening His bundle deflection with an HV interval exceeding that during normal sinus rhythm, and which were usually characterized by a distinct change in the frontal axis and configurationof the QRS complex (16, 17) .
Programmed stimulation sequences that provoked only nonsustained ventricular tachycardia or intraventricular reentrant responses were repeated to assess reproducibility.
Clinical variables assessed. Before electrophysiologic testing, patients were characterized according to the presence or absence of the following complications of acute myocardial infarction: 1) the occurrence of a major new AV or intraventricular conduction disturbance (Mobitz II second degree or third degree heart block or complete bundle branch block) or the occurrence of spontaneous ventricular tachycardia or ventricular fibrillation within 48 hours of infarction or more than 48 hours after infarction (during the hospital stay). 2) Left ventricular function was evaluated in 31 patients by means of cineangiography or radionuclide ventriculography. Left ventricular ejection fraction was calculated, and the presence or absence of a left ventricular aneurysm (segmental systolic paradoxical wall motion) was noted. 3) In 22 patients, 24 hour ambulatory electrocardiographic monitoring was performed before hospital discharge, at least 7 days after myocardial infarction. Ventricular ectopic activity was classified according to the method of Lown and Wolf (18). 4) Other data recorded included the maximal serum level of creatine kinase, Killip classification (19) during acute myocardial infarction, New York Heart Association functional class before infarction and a documented history of previous myocardial infarction.
Follow-up study. The clinical status of patients was assessed on revisit to the Arrhythmia Clinic of the Montefiore Medical Center or by telephone conversation with the patients, their families or their private physicians. During follow-up study, the end points of the study were death or the occurrence of documented spontaneous ventricular tachycardia or ventricular fibrillation. Sudden death was defined as witnessed instantaneous death or unexpected death during sleep.
Statistical analysis. Comparisons of continuous variables were made using the unpaired Student's t test. Dichotomous variables were analyzed using Fisher's exact test or RXC contingency tables as appropriate. Survival distributions were estimated using the Kaplan-Meier productlimit method (20) . The log-rank test (21) was used to compare survival distributions. Numerical values are expressed as mean ± standard deviation.
Results
Response to programmed ventricular stimulation.
During electrophysiologic studies, all 50 patients received at least a single extrastimulus; 40 patients received single and double extrastimuli and 26 patients received triple extrastimuli. Two groups were identified by the results of programmed stimulation. In 17 patients, either nonsustained or sustained ventricular tachycardia was induced by some mode of electrical stimulation (group I). From 10 to 25 beats of nonsustained ventricular tachycardia were induced in 6 patients and sustained ventricular tachycardia was induced in 11 patients. Ventricular tachyarrhythmias had a monomorphic configuration (mean cycle length ± SO of 242 ± 41 ms) in 14 patients and a polymorphic configuration (cycle length :;:;200 ms) in 3 patients. Tachycardias were induced by double extrastimuli in 4 patients (sustained ventricular tachycardia in all) and by triple extrastimuli in the remaining 13 patients. Thirty-three patients had 0 to 7 intraventricular reentrant complexes in response to maximal stimulation efforts (group 11). Ten of these patients received a maximum of a single extrastimulus, 10 patients received single and double extrastimuli and 13 patients received the complete protocol of triple extrastimuli. In none of the 50 patients did a single extrastimulus induce more than two intraventricular reentrant responses.
Clinical characteristics (Table 1) . Patients in group I (induced ventricular tachycardia) tended to be younger than those in group II (no ventricular tachycardia), but the difference was not statistically significant. There were no significant intergroup differences in sex ratio, proportion of patients with advanced functional classification before infarction or in incidence of congestive heart failure (Killip class~II) with acute myocardial infarction. The groups did not differ in incidence of previous myocardial infarction. Anterior wall infarction was more common and peak creatine kinase levels were higher in group I, but these differences did not quite reach significance. The incidence of left ventricular aneurysm was similar in both groups. Left ventricular ejection fraction tended to be lower in group I patients. A similar proportion in each group developed a new bundle branch block or high degree AV block with infarction, but there was a trend toward longer HV intervals in group I patients.
Four group I patients had repetitive ventricular premature complexes on ambulatory monitoring (4 to 15 beats) compared with one patient in group II, who had a four beat salvo. The incidence of Lown grade 4 arrhythmias in the 11 monitored group I patients was not significantly greater than in the 11 monitored group II patients; however, the numbers were insufficient to disprove a difference. Spon- tPatients whose antiarrhythmic drug therapy was guided by the response to programmed stimulation or by suppression of ventricular ectopic rhythm on ambulatory monitoring. These patients were a subset of the total number receiving antiarrhythmic drugs, some of whom received antiarrhythmic drugs on an empiric basis. :j:Pharmacologic equivalent of propranolol 10 to 160 mg four times daily. §p < 0.10 group I versus group II. Abbreviations as in Table I .
Follow-up study mortality and prediction of events by the response to programmed stimulation. During a mean follow-up period of 22.8 ± 15.8 months (range 0 to 59), there were 12 cardiac deaths (24%) in the study group. Six (35%) of 17 group I patients died. All of these deaths were sudden cardiac deaths and all but one occurred within 14 months of acute infarction (deaths occurred at 1, 2, 12, 12, 14 and 20 months, respectively). Among the six group taneous sustained ventricular tachyarrhythmias occurred with comparable frequency in the two groups, both within 48 hours of infarction and more than 48 hours after infarction (during the hospital stay).
Treatment (Table 2) . No effort was made to standardize therapy in this study. Treatments were instituted at the discretion of private physicians and, therefore, the numbers of patients receiving anyone method of treatment were small. Standard antiarrhythmic medications were administered to 14 (28%) of the 50 patients. Antiarrhythmic agents were used more frequently in group I patients, whether given on an empirical basis or guided by the response to programmed stimulation or by suppression of ventricular ectopic activity on ambulatory electrocardiograms (8 [47%] of 17 group I patients versus 6 [18%] of 33 group II patients, p < 0.05).
Thirteen patients (26%) received the pharmacologic equivalent of propranolol 10 to 160 mg four times daily; 9 patients (18%) underwent coronary artery bypass graft surgery for control of angina and 18 patients (36%) received a permanent pacemaker for conduction disturbances related to myocardial infarction. There were no differences between the groups in proportions receiving a beta-adrenergic blocking agent, coronary bypass surgery or a pacemaker. In none of the patients was therapy initiated because of the development of spontaneous sustained ventricular tachyarrhythmias. Group II patients more frequently received no treatment. I patients who died, three were receiving antiarrhythmic therapy guided by electropharmacologic testing (two patients) or by Holter-suppression of ventricular ectopic activity (one patient); one patient was taking propranolol 160 mg daily and two patients were receiving no drug therapy (one of them had undergone coronary bypass surgery). The patient who survived for 20 months died suddenly after deciding to stop antiarrhythmic medications. Documented nonfatal spontaneous sustained ventricular tachycardia developed at 12 months in one group I patient who had been receiving quinidine for asymptomatic ventricular ectopic beats. The spontaneous arrhythmia was similar in configuration and rate to the tachycardia that had been induced at the time of programmed stimulation . Thus, sudden death or nonfatal sustained ventricular tachycardia occurred in 7 (41%) of 17 group I patients during follow-up study.
There were six cardiac deaths among the 33 patients in group II (18%). None of these deaths was sudden. Two patients died of recurrent myocardial infarction at 8 and 15 months, respectively , three patients died of progressive congestive heart failure at 6,8 and 12 months , respectively and one patient died unexpectedly of electromechanical dissociation at the end of the second week of hospitalization; no autopsy was performed. No patient in group II developed documented sustained ventricular tachyarrhythmias during follow -up study.
When deaths from all cardiac causes were analyzed. there was no significant difference between the groups in survival distribution (p = NS , log-rank test [21) ) (Fig. I) .
At the interval of the last cardiac death (20 months), survival in patients in group I was 65% compared with 82% in patients in group II (p = NS); however, the response to programmed stimulation specifically identified a group at high risk of sudden cardiac death during the mean followup period of 23 months. Six (35%) of 17 patients with inducible sustained or nonsustained ventricular tachycardia (group I) died suddenly compared with none of the 33 patients in whom , at most, seven intraventricular reentrant responses were induced (group II) (p = 0.0008, Fisher's exact test). Survival distributions analyzed for sudden death demonstrated a significant difference between the groups (p < 0.001 , log-rank test [21) ) (Fig . 2) .
Sensitivity and specificity of the response to programmed stimulation (Table 3) . Correct identification of patients who died suddenly or developed nonfatal spontaneous sustained ventricular tachycardia during follow-up study was related to the maximal number of ventricular extrastimuli administered during electrophysiologic tests. Single extrastimuli alone induced a maximum of two intraventricular reentrant responses and identified none of the seven patients who died suddenly or developed nonfatal ventricular tachycardia. Double extrastimuli induced sustained ventricular tachycardia in four patients, two of whom had late sudden death. Triple extrastimuli were required to induce prognostically significant arrhythmias in four of the six patients who died suddenly. From 16 to 25 beats of nonsustained ventricular tachycardia were induced in three patients and sustained ventricular tachycardia was induced in one patient. In addition, triple extrastimuli induced sustained monomorphic ventricular tachycardia in the patient who developed spontaneous nonfatal ventricular tachycardia at 12 months . The correlation of increasing number of ventricular extrastimuli with the number of patients correctly identified as at risk of sudden death or nonfatal spontaneous tachycardia was statistically significant exz = 11.271 , degrees of freedom [df] = 2, P < 0.005) .
Thus, the sensitivity of the stimulation protocol for identifying patients who died suddenly or developed ventricular tachycardia was 100% when a maximum of three extras timuli were administered ( Table 3 ). The specificity of this protocol was 57%, because 10 of 17 patients in whom sustained or nonsustained ventricular tachycardia was induced (group I) did not die suddenly or experience nonfatal tachycardia during the follow-up period (false positives). In the calculation of specificity, only the 13 patients in group II who received the maximal stimulation protocol (triple ex-'-. MONTHS Figure 2 , Cumulative survivalcurves (productlimit method) for sudden cardiac death in postinfarction patients with inducible sustained or nonsustained ventricular tachycardia (group I), and in patients with a maximum of 0 to 7 intraventricular reentrant complexes in response to programmed stimulation (group II). All six sudden deaths occurred among the patients in whom sustained or nonsustained ventricular tachycardia was induced, Table 1. trastimuli) were considered to have a true negative response to programmed stimulation, Relation of all variables to sudden cardiac death (Table 4). When the clinical characteristics of the entire group including treatment were analyzed for correlation with the occurrence of late sudden death, the response to programmed stimulation demonstrated a stronger association with this outcome than any other factor (p < 0.001, Fisher's exact test), The incidence of sudden death was higher among patients with anterior myocardial infarction and left ventricular dysfunction (ejection fraction < 40%) than among patients with inferior infarction and an ejection fraction of 40% or greater. However, the differences did not reach conventional levels of statistical significance in this study. The presence of left ventricular aneurysm, congestive heart failure during infarction (Killip class~II), cardiac symptoms before infarction, development of a new conduction disturbance with infarction, ventricular tachyarrhythmias early (:=;48 hours) or late (>48 hours) after infarction, Lown grade 4 arrhythmias at monitoring, a prolonged HV interval at electrophysiologic study (>55 ms) and all treatments employed failed to distinguish between patients who died suddenly and those who did not. In several instances, however, the numbers were insufficient to disprove a significant difference.
Discussion
Assessment of postlnfarction risk in previous studies. Recent studies (1-4,8-11,22 ) analyzed the clinical characteristics of patients recovering from acute myocardial infarction in an attempt to identify those variables having the strongest association with late sudden death. In two large, prospective, epidemiologic studies of patients surviving myocardial infarction (8-10), independent predictors of late cardiac mortality included a left ventricular ejection fraction less than 40% (8,10), ventricular ectopic activity 1 *Sensitivity = number of patients with sudden death in whom a variable was present (true positives)/ttue positives + number of patients with sudden death in whom the variable was not present (false negatives). tSpe~ificity = number of patients without sudden death in whom a variable was not present (true negatives)/true negatives + number of patients without sudden death in whom the variable was present (false positives). tPositive predictive value = number of patients with sudden death in whom a variable was present (true positivesl/all patients in whom the variable was present (true positives + false positives). §p < 0.001, sudden death patients compared with those without sudden death. lip > 0.10, sudden death patients compared with those without sudden death. #Presence or absence of this variable was not determined in all patients; therefore, calculations of sensitivity, specificity and positive predictive value were based on the number of patients evaluated (number in parentheses). PES = programmed electrical stimulation; other abbreviations as in Tables I and 2. the patient was in the coronary care unit (8) . Both studies (9, 10) suggested that the presence of repetitive ventricular ectopic activity (three or more consecutive ventricular premature beats) recorded on ambulatory monitoring before hospital discharge was an additional independent predictor of late mortality. Patients exhibiting several of these characteristics defined the highest risk groups, with 2 year cardiac mortality rates of 20 to 38% (8, 9) . In these reports from the Multicenter Postinfarction Research Group (8, 9) and the Multicenter Investigation of the Limitation of Infarct Size (10), 37 to 60% of the cardiac deaths were sudden deaths or deaths associated with a documented terminal ventricular tachyarrhythmia, or both. In one study (10) , 79% of the sudden deaths occurred within the first 7 months of follow-up study. In the other study (9) , the risk of sudden death remained constant during a 2 year period.
Predictive role of programmed ventricular stimulation. Despite evidence that a large portion of cardiac deaths after myocardial infarction are sudden and that the mechanism for most sudden deaths is ventricular tachycardia or ventricular fibrillation (6, 7) , the role of programmed ventricular stimulation in identifying survivors of infarction at high risk of late sudden death remains unestablished (12) . Several groups (13-15) reported on prediction of sudden death after myocardial infarction by the response of patients to electrophysiologic testing performed 6 to 60 days after acute infarction, using single and double ventricular extrastimuli. Hamer et a1. (13) used a maximum of two extrastimuli at two right ventricular sites at current strengths of 2 to 10 V and found that sudden death was more frequent during the 12 month follow-up period among patients who had more than five repetitive complexes in response to stimulation (4 of 12 patients versus 1 of 25 patients with 0 to 5 complexes, p < 0.05). Using a similar protocol, Richards et a1. (14) induced 10 seconds or more of ventricular tachycardia or ventricular fibrillation in 38 (23%) of 165 survivors of infarction. These patients had a 32% incidence of sudden death or spontaneous ventricular tachycardia over an 8 month period compared with a 2% incidence among "electrically stable" patients. Thus, the sensitivity of "electrical instability" as a predictor of sudden death or spontaneous ventricular tachycardia in their study was 86% and the specificity 83% (14) .
Using a less aggressive protocol of single and double extrastimuli at twice diastolic threshold from one right ventricular site, Marchlinski et a1. (15) induced sustained or nonsustained (2:4 beats) ventricular tachycardia in 10 of 46 infarct survivors and found that the response to programmed stimulation was not helpful in identifying patients at risk of sudden death (1 of these 10 patients died suddenly over 18 months compared with 5 of 36 patients without inducible arrhythmias, p = NS).
Risk characteristics of the study group. All patients in our study had one or more clinical feature reported previously to have prognostic importance (by univariate analyses) for sudden or all cardiac deaths after myocardial infarction, including a left ventricular ejection fraction of less than 0.40 (34%) (2, 8, 10) , new bundle branch block or high degree atrioventricular block with infarction (76%) (23, 24) , ventricular tachyarrhythmias or complex ventricular arrhythmia late in the hospital stay (26%) (2, (8) (9) (10) 25) , ventricular tachyarrhythmias within 48 hours of infarction (300/0) (25) (26) (27) , heart failure during the coronary care unit stay (66%) (8, 11) , anterior wall myocardial infarction (52%) (28, 29) , documented previous myocardial infarction (28%) (11, 22) and cardiac symptoms of New York Heart Association functional class II or greater before infarction (56%) (8) . The 24% incidence of cardiac mortality in this study during a mean follow-up period of 23 months reflects that the group as a whole was a high-risk subset of survivors of myocardial infarction (5, 8, 9) .
Predictive value of the response to programmed stimulation. Among this high-risk group, the response to programmed ventricular stimulation with up to three extrastimuli was a very sensitive method (sensitivity 100%) for identifying infarct survivors at highest risk of late sudden death or the spontaneous occurrence of ventricular tachycardia (7 [41%] of 17 patients with inducible ventricular tachyarrhythmias). The risk of sudden death or nonfatal ventricular tachycardia was greatest during the first 14 months of follow-up study (six of seven events), a finding similar to that of several studies of postinfarction prognosis (8, 10, (13) (14) (15) 30, 31) . Patients identified as at high risk of sudden death because of inducible sustained or nonsustained ventricular tachycardia (group l) had a higher incidence of anterior myocardial infarction, higher peak creatine kinase levels, lower left ventricular ejection fraction and longer infranodal conduction times (HV intervals) than patients without inducible arrhythmias (group II) (Table I) ; however, none of the differences reached conventional levels of statistical significance in this study.
Identification of patients who had late sudden death or spontaneous ventricular tachycardia depended on the use of three ventricular extrastimuli during electrophysiologic tests, because prognosticaIly important arrhythmias were induced only by triple extrastimuli in five of the seven patients who died suddenly or developed spontaneous tachycardia. PrognosticaIly significant ventricular arrhythmias were more than a few repetitive complexes in duration. The briefest arrhythmia induced among the seven patients with sudden death or spontaneous tachycardia with 16 beats (3.8 seconds) of nonsustained ventricular tachycardia, and sustained ventricular tachycardia was induced in four patients ( Table  3 ). The finding that induced arrhythmias with prognostic significance were of substantial duration is in agreement with the study of Richards et a1. (14) , in which "electrically unstable" survivors of infarction were identified by induction of ventricular tachyarrhythmias lasting 10 seconds or longer. The requirement of three extrastimuli for induction of significant arrhythmias in most of our high-risk group (13 of 17 group I patients) contrasts with previous findings (13, 14) . In these studies, the response to a maximum of two extrastimuli was sufficient to identify most postinfarction patients who died suddenly. The difference may be explained in part by the higher stimulus strengths used in these studies (up to 10 V [13] and 20 rnA 114]). Conversely, the failure of the response to programmed stimulation to identify infarct survivors who had sudden death in the study of Marchlinski et al. (15) may be related to the relatively limited stimulation protocol used (two extrastimuli at <2 rnA).
Relation of all variables to sudden death. When the clinical variables of our patient group were evaluated individuaIly, the response to programmed stimulation had a stronger association with the occurrence of late sudden death than any other factor (Fisher's exact test, p < 0.(01) ( Table   4 ). Among the variables assessed were measures of left ventricular dysfunction, advanced cardiac symptoms and the presence of advanced grades of ventricular arrhythmias, all of which have been associated in other studies (2,8-11.15,22,25) with increased postinfarction cardiac mortality or sudden death, or both. In addition, the occurrence of sudden death appeared to be unaffected by therapeutic interventions, such as the use of antiarrhythmic drugs or beta-adrenergic blocking agents. In fact, it is possible that antiarrhythmic agents may have had a proarrhythmic effect in some instances, because three of six patients who died suddenly were among those receiving antiarrhythmic drugs. It must be recognized that the smallness of sample sizes for some of the assessed variables and the lack of uniformity in treatment did not permit a multivariate analysis to evaluate the independent contribution of each clinical variable or treatment to the risk of late sudden death. Therefore, we could not conclude that induction of sustained or nonsustained ventricular tachycardia in survivors of complicated myocardial infarction predicted the occurrence of late sudden death independent of other risk factors or therapy.
Specificity of the response to programmed stimulation. Although the response to programmed ventricular stimulation with up to three extrastimuli identified all patients in this study who had late sudden death or spontaneous nonfatal tachyarrhythmias (sensitivity = 100%); the specificity of the method was only 57% (Table 3) . Twenty patients in group II in whom a maximum of 0 to 7 intraventricular reentrant responses were induced, did not receive the fuIl protocol of three ventricular extrastimuli. These patients were not excluded from the study to assess the influence of other clinical variables on outcome. If signif-icant arrhythmias (sustained or nonsustained ventricular tachycardia) had been induced by three extrastimuli in all 20 patients, the number of patients with a false positive response to programmed stimulation would have increased to 30 (10 group I and 20 group II patients), and the specificity of the response to stimulation for identifying patients with sudden death or spontaneous tachycardia would have decreased to 30% (Table 3) .
Otherlimitations. The presence of frequent or complex ventricular ectopic activity (Lown grades 2 to 3) recorded on 24 hour ambulatory electrocardiograms during the hospital stay did not appear to correlate with inducibility of ventricular tachyarrhythmias or the occurrence of late sudden death. However, ambulatory electrocardiograms were obtained in only 22 of 50 patients, and the analysis of ventricular arrhythmias was less detailed than in other studies (8) (9) (10) , which have shown a correlation between frequent ventricular ectopic activity (~1O depolarizations/h) and increased risk of postinfarction cardiac mortality or sudden death. Other authors (13, 15) also found that the presence of advanced Lown grade ventricular ectopic rhythm (grades 3 to 4) did not correlate with inducibility of ventricular arrhythmias or the occurrence of sudden death in postinfarction patients. These studies along with the present study involved relatively small numbers of patients, did not employ multivariate analysis techniques and, therefore, may have obscured a significant and independent contribution of frequent or complex ventricular ectopic activity to the risk of late sudden death (type II error).
Although the mechanism for most sudden cardiac deaths is presumed to be ventricular tachycardia or ventricular fibrillation (6, 7) , electrocardiographic documentation of a terminal ventricular tachyarrhythmia was obtained in only one of six patients who died suddenly. It cannot be excluded that death may have resulted from an arrhythmia secondary to recurrent myocardial infarction in some of the patients classified as having late "sudden" death.
Implications. Our data suggest that the response to programmed ventricular stimulation during the recovery phase of acute myocardial infarction, using a maximum of three extrastimuli at four times diastolic threshold, may be a sensitive but relatively nonspecific method for identifying survivors of complicated infarction at high risk of late sudden death or spontaneous nonfatal ventricular tachycardia. Induced arrhythmias with prognostic significance are of substantial duration (at least 16 beats of nonsustained ventricular tachycardia among patients who had late sudden death), and are predominantly organized and monomorphic in configuration. A larger prospective study of survivors of infarction employing uniform clinical evaluations and appropriate treatments may be necessary to determine whether the response to programmed stimulation can predict sudden death or late ventricular tachycardia independent of the presence of other risk factors. Such a study will be needed to establish the stimulation protocol of optimal sensitivity and specificity (number of extrastimuli, current strength and sites of stimulation) and to determine whether use of antiarrhythmic drugs (including beta-adrenergic blocking agents) guided by the response to programmed stimulation or by suppression of ventricular arrhythmias on ambulatory monitoring can reduce the risk of sudden death or spontaneous tachyarrhythmias in patients predicted to be at high risk of these events.
